ABSTRACT: Twenty-eight Angus steers (289 kg) were finished on a high-concentrate diet (85% concentrate:15% roughage; CONC), or endophyte-free tall fescue pastures with corn grain supplement (0.52% of BW; PC), corn oil plus soybean hull supplement (0.10% of BW corn oil plus 0.45% of BW soybean hulls; PO), or no supplement (pasture only; PA). Subcutaneous adipose tissues were processed for total cellular RNA extraction and fatty acid composition by GLC. Relative expression of genes involved in lipogenesis [fatty acid synthase (FASN), acetyl-CoA carboxylase, lipoprotein lipase, stearoyl-CoA desaturase (SCD)] and activators of transcription [(peroxisome proliferatoractivated receptor-γ), C/EBPα, sterol regulatory binding protein-1, signal transducer and activator of transcription-5, and Spot-14] was determined by real-time quantitative PCR. Housekeeping gene (glyceraldehyde 3-phosphate dehydrogenase and β-actin) expression was used in analysis to normalize expression data. Total fatty acid content was greatest (P < 0.001) for CONC and least (P < 0.001) for PA. Supplementation of grazing cattle increased (P < 0.001) total fatty acid content compared with PA, but concentrations were less (P < 0.001) than for CONC. Myristic and palmitic acid contents were greater (P < 0.001) for CONC than for PO and PC, which were greater (P < 0.001) than for PA. Stearic acid content was greater (P < 0.01) for PO than for CONC, PC, and PA. Finishing on CONC increased (P < 0.001) total MUFA content by 68% compared with PA. Corn grain supplementation increased (P < 0.001) MUFA content compared with PA; in contrast, MUFA content did not differ (P > 0.05) between PO and PA. Corn oil supplementation increased (P < 0.001) trans-11 vaccenic acid content in subcutaneous fat by 1.2-, 1.7-and 5.6-fold relative to PA, PC, and CONC, respectively. Concentrations of the cis-9, trans-11 CLA isomer were 54, 58, and 208% greater (P < 0.01) for PO than for PA, PC, and CONC, respectively. Corn grain supplementation to grazing steers did not alter (P > 0.05) the cis-9, trans-11 CLA isomer compared with PA. Oil supplementation increased (P < 0.001) linoleic acid (C18:2) content by 56, 98 and 262% compared with CONC, PC, and PA, respectively. Relative mRNA expression of SCD was upregulated (P < 0.001) by 46-, 18-and 7-fold, respectively, for CONC, PC, and PO compared with PA. Relative FASN mRNA expression was also upregulated (P = 0.004) by 9-and 5-fold, respectively, for CONC and PC compared with PA. Grain feeding, either on CONC or supplemented on pasture, upregulated FASN and SCD mRNA to increase MUFA and de novo fatty acids in subcutaneous adipose tissue. Upregulation of SCD with grain feeding and reduced tissue CLA concentrations suggest that the decreased CLA concentrations were the result of limited substrate (trans-11 vaccenic acid) availability.
INTRODUCTION
Finishing cattle on high-grain diets increases lipid deposition rates and alters the fatty acid composition of adipose tissues (Duckett et al., 1993) . Monounsaturated fatty acid concentrations increase in a linear manner with increasing time on a high-concentrate diet. In contrast, PUFA concentrations decrease with increasing time on a high-concentrate diet. Comparisons among grain-and grass-finishing systems show that external fat deposition is less and PUFA concentrations (especially n-3 fatty acids) are greater in adipose tissues of grass-finished cattle (Rule et al., 2002; Realini et al., 2004; Faucitano et al., 2008) . Supplementing high-concentrate diets with corn oil, or grazing cattle increases carcass fatness and alters the fatty acid composition of adipose tissues . Information on the effect of supplementing grazing cattle with corn grain on the fatty acid composition of adipose tissues is not available.
Fat deposition in finishing animals is the result of both hyperplasia and hypertrophy (Hood and Allen, 1973; Cianzio et al., 1985; Robelin, 1986) . Fatty acids deposited in the adipocyte tissues originate from the diet or from de novo fatty acid synthesis. Finishing systems can dramatically alter fat deposition and composition, indicating that enzymes involved in lipogenesis are responsive to dietary energy level. Our hypothesis was that increasing the dietary energy intake through supplementation or high-concentrate finishing would alter lipogenic gene expression and the fatty acid composition of bovine subcutaneous adipose tissues.
MATERIALS AND METHODS
The experimental procedures were reviewed and approved by the University of Georgia Animal Care and Use Committee.
Twenty-eight yearling Angus steers (288.7 ± 3.8 kg) were randomly assigned to 1 of 4 dietary treatments. Dietary treatments included 2 isocaloric supplementation treatments to steers grazing endophyte-free tall fescue [corn grain (0.52% of BW, DM basis; PC) or corn oil plus soybean hulls (SBH; 0.10 and 0.45% of BW, respectively; PO)], no supplementation to steers grazing endophyte-free tall fescue (PA), or a high-concentrate diet (85% concentrate:15% bermudagrass hay on a DM basis; CONC). Corn oil and SBH were mixed daily on an individual basis before feeding. The concentrate used in the CONC treatment was formulated to contain 94.11% rolled corn, 2.91% soybean meal, 1.50% limestone, 0.95% urea, and 0.53% of trace minerals (DM basis).
Steers assigned to the PO and PC treatments were trained to use Calan gate feeders (American Calan Inc., Northwood, NH) for 21 d before the beginning of the trial, and in the last 5 d, steers were adapted to supplements. During adaptation, steers assigned to the grazing treatments (PA, PO, and PC) were allowed to graze the same pasture that was used for the experimental period. Steers assigned to the CONC treatment were fed the high-concentrate diet during the last 92 d of the trial (d 105 to 197), before which they grazed endophyte-free tall fescue pastures. Additional information on the experimental design, diet in vivo digestibility, steer performance, and steer carcass quality was reported previously (Pavan and Duckett, 2008) .
Sample Collection. Animals were slaughtered after an overnight feed withdrawal. Within 30 min of exsanguination, subcutaneous fat samples (5 g) were removed from the tail head area of each carcass, rinsed with sterile saline, frozen in liquid nitrogen, and stored at −80°C for subsequent RNA analysis. At 24 h postmortem, a subcutaneous adipose tissue sample (5 g) was removed from the left side of each carcass at the 13th rib. Fat samples were pulverized in liquid nitrogen and stored at −20°C for subsequent fatty acid analyses.
Sample Analyses. Total lipids were extracted in duplicate from subcutaneous samples by using organic solvents according to the procedures of Folch et al. (1957) . Subcutaneous adipose tissue lipid extracts, containing approximately 4 mg of total lipids, were transmethylated according to the method of Park and Goins (1994) . Fatty acid methyl esters were analyzed with an HP6850 gas chromatograph (Hewlett-Packard, San Fernando, CA) equipped with an HP7673A automatic sampler (Hewlett-Packard). Separations were accomplished by using a 100-m SP2560 capillary column (0.25 mm i.d. and 0.20 µm film thickness; Supelco, Bellefonte, PA) according to the procedure of Duckett et al. (2002) . The column oven temperature was increased from 150 to 160°C at 1°C per min, from 160 to 167°C at 0.2°C per min, from 167 to 225°C at 1.5°C per min, and then held at 225°C for 16 min. The injector and detector temperatures were maintained at 250°C. The sample injection volume was 1 µL. Hydrogen was the carrier gas at a flow rate of 1 mL/min. Individual fatty acids were identified by comparison of retention times with standards (Sigma, St. Louis, MO; Supelco, Bellefonte, PA; Matreya, Pleasant Gap, PA). Fatty acids were quantified by incorporating an internal standard, methyl heptacosanoic (C27:0), into each sample during methylation.
RNA Isolation. Total cellular RNA (tcRNA) was extracted from subcutaneous adipose tissue (2 g) by homogenization in 5 vol of TriZol reagent (Invitrogen, Carlsbad, CA) according to the instructions of the manufacturer, and included the optional step of removing lipids before isolating the tcRNA. To further purify the tcRNA obtained from the TriZol isolation, 0.57 vol of 2-propanol was added to the supernatant containing tcRNA and was passed over a PureYield RNA Midiprep System column (Promega, Madison, WI). Total cellular RNA was eluted following the directions of the manufacturer, precipitated, and resuspended in diethyl dicarbonate-treated sterile water. Total cellular RNA was quantified by using Quant-iT RiboGreen RNA Reagent (Invitrogen). Integrity of the isolated RNA was confirmed by visualization of 18S and 28S ribosomal bands of individual samples subjected to denaturing slab gel electrophoresis in 1.2% agarose gel and at qRT-PCR. Primers for genes of interest were designed on or spanning exon boundaries, when possible, using Primer3 software (http://primer3.sourceforge. net/, last accessed Jul. 28, 2006; Table 1 ). Primer sets were first evaluated by using end-point PCR. Pooled tcRNA (1 µg) was reverse transcribed in a 20-µL reaction volume by using oligo dT and SuperScript III reverse transcriptase (Invitrogen) in a 2-step reverse transcription-PCR reaction. Polymerase chain reaction was conducted by using GoTaq (Promega) and 100 pM each respective primer. Products were subjected to slab gel electrophoresis and visualized by ethidium bromide staining and fluorescence. In addition, all products were purified and subjected to di-deoxy sequencing at the Clemson University Genomics Institute to verify identity.
For qRT-PCR, pooled tcRNA (1 µg) was reverse transcribed as state above. A standard curve based on the original mass of tcRNA in the reverse-transcription reaction was generated (50, 10, 2, 0.4, 0.08, and 0.016 ng per reaction), run in triplicate, and subjected to qRT-PCR by using a QuantiTect SYBR Green PCR kit (Qiagen 204143, Valencia, CA) on an Eppendorf Mastercycler ep realplex instrument (Eppendorf, Westbury, NY). Primer efficiency was calculated by regression analyses using Eppendorf Mastercycler software. For all qRT-PCR conducted, the thermal cycling conditions included DNA polymerase activation at 95°C for 15 min, 40 PCR cycles for 15 s at 94°C, 30 s at 60°C, and 30 s at 72°C in the presence of 100 pM each primer combination. Melting curves were generated at the end of the amplification to verify the presence of a single product. Two genes, glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and β-actin, were evaluated as housekeeping genes for data normalization. To determine the appropriate housekeeping gene to be used to normalize the data, the cycle threshold values (C T ) for GAPDH, β-actin, and all target genes per sample were entered into the BESTKEEPER program (http:// www.gene-quantification.info/, last accessed Mar. 29, 2007) . The program determines the most stable housekeeping gene to be used for normalization by repeated pair-wise correlation and regression analysis (Pfaffl et al., 2004) . Both GAPDH and β-actin exhibited a correlation coefficient of 0.99 (P < 0.001) in the analysis and were suitable for data normalization.
Quantitative PCR was performed on all samples individually, as stated above. Briefly, 1 µg of tcRNA from each sample was reverse transcribed and the quality of the reverse-transcribed reaction was evaluated by endpoint PCR using the GAPDH primer set. Quantitative PCR was then conducted on 2 ng of the reverse-transcribed reaction in duplicate for all samples with each primer set combination and housekeeping gene (GAP-DH) on every 96-well plate. Each 96-well plate with all samples, the primer set of interest, and the housekeeping gene was replicated. The transcript amounts for each gene were calculated at the C T at which each fluorescent signal was first detected above background. Normalized C T values (ΔC T = C T,gene − C T,GAPDH ) were calculated for each sample and subjected to ANOVA, as described below. The fold changes in gene expression for CONC, PC, and PO vs. PA were calculated by using the X −ΔΔCT method, where X is the primer efficiency for each gene of interest, according to Pfaffl et al. (2002) ; these results are shown in the figures.
Statistical Analyses. Data were analyzed by ANO-VA as a completely randomized design with 4 dietary treatments, with the individual animal serving as the experimental unit. The MIXED procedure (SAS Inst. Inc., Cary, NC) was used for all analyses, with dietary treatment as a fixed effect and animal as a random effect. When the overall F-test for the dietary treatment effect was significant (P ≤ 0.05), a t-test was performed to discern the differences among treatments by using the PDIFF option of the LSMeans statement. For gene expression data, normalized C T values were subjected to ANOVA, as described above. When the overall Ftest for the dietary treatment effect was significant (P ≤ 0.05), preplanned nonorthogonal contrasts were used to test differences among CONC, PC, and PO vs. PA. 
RESULTS AND DISCUSSION
The fatty acid composition of subcutaneous adipose tissue is presented in Table 2 . Adipose tissue concentration (grams of fatty acid/100 g of subcutaneous adipose tissue) of total fatty acids was greatest (P < 0.001) for CONC and least (P < 0.001) for PA. Supplementation, regardless of energy source, increased (P < 0.001) total fatty acid content compared with PA. Accretion of bovine adipose tissue is the result of adipocyte hyperplasia and hypertrophy (Hood and Allen, 1973; Cianzio et al., 1985; Robelin, 1986) . Robelin (1986) estimated that the majority (70%) of fat accumulation during postnatal growth is due to adipocyte hypertrophy. Hood and Allen (1973) suggested that subcutaneous adipose tissue is an earlier developing depot and that hyperplasia is nearly complete by approximately 8 mo of life. In this study, the greater amount of total fatty acids per gram of subcutaneous adipose tissue suggests that adipocyte hypertrophy was occurring during finishing and that increased dietary energy stimulated subcutaneous adipocyte filling. reported linear increases in subcutaneous fat thickness of beef carcasses from steers finished on tall fescue with increasing amounts of corn supplementation. Pavan and Duckett (2008) showed increased subcutaneous fat thickness in beef carcasses from steers grazing tall fescue supplemented with corn grain or corn oil plus SBH.
In ruminant adipocytes, de novo fatty acid synthesis converts acetate (Ingle et al., 1972; Baldwin et al., 1973; Yang and Baldwin, 1973) into long-chain SFA such as myristic acid (C14:0) or, primarily, palmitic acid (C16:0). Myristic and palmitic acid contents were greater (P < 0.001) for CONC than for PO and PC. Supplementation, regardless of energy source, increased (P < 0.001) concentrations of myristic and palmitic acids compared with PA. Stearic acid (C18:0) is the primary product from ruminal biohydrogenation of dietary linoleic acid (C18:2) and linolenic acid (C18:3). Stearic acid content was greater (P < 0.01) for PO than for CONC, PC, and PA. These results indicate that corn oil supplementation, which increased dietary fatty acid and linoleic acid intake, resulted in greater biohydrogenation and less desaturation or elongation than the other treatments. Sackmann et al. (2003) found that increasing concentrations of corn oil and forage resulted Within a row, means without a common superscript letter differ (P < 0.05). 1 Dietary treatments: CONC = high-concentrate diet (85% concentrate:15% grass hay); PO = pasture + 0.1% BW DM of corn oil and 0.45% BW DM of soybean hulls; PC = pasture + 0.52% BW DM of corn grain; PA = pasture only.
2 Trans-11 vaccenic acid.
Energy supplementation and gene expression in greater biohydrogenation concentrations of linoleic acid in cattle fed feedlot diets. Total SFA content was greater (P < 0.001) for CONC and PO than for PA. Corn supplementation increased SFA content compared with PA but was less (P < 0.001) than for CONC. Pentadecyclic acid (C15:0) content did not differ (P > 0.05) among treatments. Margaric acid (C17:0) content was greatest (P < 0.01) for CONC. Overall, odd-chain fatty acid content was greatest (P < 0.001) for CONC. Odd-chain fatty acids are produced when propionate is used instead of acetate in the first step of de novo fatty acid synthesis. Greater concentrations of odd-chain fatty acids in adipose tissues of CONC-finished steers would indicate that greater proportions of propionate were available for de novo fatty acid synthesis. Duckett et al. (1993) also observed greater odd-chain fatty acid concentrations in adipose tissues from steers fed a highconcentrate diet for increasing days on feed.
Myristoleic acid (C14:1) content was greatest (P < 0.01) for CONC and least (P < 0.01) for PO and PA. Palmitoleic acid (C16:1) content was greater (P < 0.01) for CONC and PC than for PO and PA. Oleic acid (C18:1 cis-9) content was greater (P < 0.001) for CONC than for PC, which were greater (P < 0.001) than for PO and PA. Finishing on CONC increased (P < 0.001) total MUFA content by 68% compared with PA. Corn grain supplementation increased (P < 0.001) MUFA content compared with PA; in contrast, MUFA content did not differ (P > 0.05) between PO and PA. The ratio of MUFA to SFA was greater (P < 0.001) for CONC than for PC, PO, or PA. The ratio of MUFA to SFA was also greater (P < 0.001) for PC than for PO or PA. Duckett et al. (1993) reported a linear increase in oleic acid concentration in beef LM with increasing time on a high-concentrate diet. Similarly, HuertaLeidenz et al. (1996) found an increase in MUFA and a decrease in PUFA from weaning to finishing in bovine subcutaneous adipose tissues. Faucitano et al. (2008) also reported increased concentrations of MUFA in steers fed high-concentrate diets or silage supplemented with grain compared with steers fed silage only.
Of the intermediate products of ruminal biohydrogenation, trans-10 octadecenoic acid content was greater (P < 0.001) for CONC than for PC and PA, with PO being intermediate. Faucitano et al. (2008) also reported greater trans-10 octadecenoic acid content in LM of steers finished on a high-concentrate diet compared with steers on grass silage. Corn oil supplementation increased (P < 0.001) trans-11 vaccenic acid (TVA) content in subcutaneous fat by 1.2-, 1.7-and 5.6-fold relative to PA, PC, and CONC, respectively. Corn grain supplementation did not alter (P > 0.05) TVA content compared with PA. Both PC and PA had greater (P < 0.001) TVA contents than CONC. Cis-11 octadecenoic acid content was greater (P < 0.001) in CONC than in the supplementation treatments, which were greater (P < 0.001) than in PA. Concentrations of the cis-9, trans-11 CLA isomer were 54, 58, and 208% greater (P < 0.01) for PO than for PA, PC, and CONC, respectively. Corn grain supplementation to grazing steers did not alter (P > 0.05) the cis-9, trans-11 isomer of CLA in subcutaneous adipose tissues compared with PA. The least cis-11, trans-13 CLA isomer was found in PC and PA (P < 0.05) and the greatest (P < 0.05) was found in CONC. Content of the trans-10, cis-12 CLA isomer was greatest (P < 0.001) for PO and least (P < 0.05) for PC and PA. Finishing on PA vs. CONC resulted in greater concentrations of TVA and CLA in subcutaneous adipose tissues. Others have also reported a greater cis-9, trans-11 CLA content in the adipose tissue from beef cattle finished on pasture compared with those finished on high-concentrate diets (French et al., 2000; Rule et al., 2002; Realini et al., 2004) . Corn grain supplementation did not alter TVA and CLA concentrations compared with PA. Corn oil supplementation to grazing steers increased concentrations of TVA and the cis-9, trans-11 CLA isomer in subcutaneous tissue compared with all other treatments. Similarly, noted increases in TVA and CLA with corn oil supplementation to grazing steers. Corn oil supplementation increased proportions of trans-10 octadecenoic acid and the trans-10, cis-12 CLA isomer in subcutaneous adipose tissues compared with the concentrations observed for PA. Others have reported similar responses in tissue TVA, trans-10 octadecenoic acid, and CLA concentrations with vegetable oil supplementation of high-grain diets (Gillis et al., 2004; Hristov et al., 2005) and in grazing steers .
Oil supplementation increased (P < 0.001) the subcutaneous fat linoleic acid content by 56, 98 and 262% compared with CONC, PC, and PA, respectively. Linolenic acid and docosapentaenoic acid (C22:5) contents did not differ (P > 0.05) among dietary treatments. Oil supplementation increased (P < 0.001) concentrations of n-6 fatty acids compared with PC, CONC, and PA. The ratio of n-6 to n-3 fatty acids was greatest (P < 0.001; 1.23) for PO and least (P < 0.001; 0.77) for PA. Linoleic and linolenic acids are EFA and cannot be synthesized endogenously. Therefore, their proportion in tissues is highly dependent on dietary intake and ruminal biohydrogenation. Gillis et al. (2004) reported increases in subcutaneous adipose tissue linoleic acid concentration with addition of 4% corn oil to high-concentrate diets. Results from our previous study did not reveal any differences in linoleic acid concentration of subcutaneous adipose tissues with corn oil supplementation (0.075 and 0.15% of BW; . Oil supplementation to grazing steers increased n-6 PUFA concentrations in subcutaneous adipose tissues compared with PC, CONC, or PA because of the increases in linoleic acid. The n-3 PUFA concentration was greatest for PA and less with PO and with CONC finishing. Overall, the ratio of n-6 to n-3 fatty acids was greatest for PO because of increases in n-6 fatty acids and decreases in linolenic acid. The ratio of n-6 to n-3 fatty acids was greater for CONC than for PC, which were both greater than for PA. Similarly, reported an increased n-6 to n-3 ratio with corn oil supplementation to grazing steers. French et al. (2000) also reported greater n-6 to n-3 ratios with concentrate supplementation of grazing steers.
Relative mRNA expression of stearoyl-CoA desaturase (SCD) was upregulated (P < 0.0001) by 46-, 18-, and 7-fold, respectively, for CONC, PC, and PO compared with PA (Figure 1) . Stearoyl-CoA desaturase is the enzyme responsible for the conversion of SFA to MUFA by inserting a double bond in the Δ 9 position. The changes in relative gene expression mirror the changes in MUFA content of the subcutaneous adipose tissue (Figure 2 ) and also the changes in the MUFA:SFA ratio. Finishing on a CONC diet increased MUFA content in subcutaneous adipose tissue by 68% compared with PA. Corn grain supplementation also increased MUFA content by 30%. Martin et al. (1999) reported increased expression of SCD mRNA in subcutaneous adipose tissue of Angus steers from 5 to 12 mo of age, which peaked at 12 mo of age. They noted that this peak in SCD mRNA preceded the significant increase in lipid filling and may be serve as a marker of differentiation in the adipocyte tissue. Chung et al. (2007) reported increases in SCD activity of subcutaneous adipose tissue of Angus and Wagyu steers fed grain compared with hay; however, changes in SCD mRNA were dependent on breed type, with increased mRNA abundance in Wagyu. Daniel et al. (2004) also reported greater SCD expression and increased MUFA in ovine adipose tissue explants exposed to insulin in vitro. Expression of SCD was increased 15-fold with insulin addition in vitro to ovine adipose tissue explants (Ward et al., 1998) . Ntambi et al. (1996) has shown that addition of insulin in vitro to H2.35 cells increased SCD mRNA expression by 5-fold. Dietary insulin plus fructose addition to diabetic streptozotocin-induced diabetic mice resulted in a 45-fold increase in SCD-1 mRNA (Waters and Ntambi, 1994) .
Corn oil supplementation resulted in less increase in MUFA and SCD expression compared with corn grain supplementation or finishing. The ratio of TVA to the cis-9, trans-11 CLA isomer in the adipose tissue of PO was greater (P < 0.001) than in CONC, PC, or PA, showing that desaturation was limiting in the PO-supplemented group compared with the other treatments. Research in rodents has shown that dietary PUFA addition reduced SCD-1 mRNA; in contrast, adding SFA or MUFA had little effect (Ntambi, 1999) . Sessler et al. (1996) examined PUFA addition to mouse embryo 3T3-L1 preadipocytes. They found that addition of arachidonic acid (C20:4), linoleic acid, or linolenic acid to ma- ture 3T3-L1 adipocytes in culture (as albumin-bound fatty acids) 6 to 9 d after differentiation decreased SCD activity and SCD-1 mRNA in a dose-dependent manner (10 to 300 µM). Infusion of the trans-10, cis-12 CLA isomer (13.6 g/d) in the rumen of lactating dairy cows (Baumgard et al., 2002; Peterson et al., 2004) decreased SCD mRNA abundance. In these studies, milk fat contained 88 µg/g of trans-10, cis-12 after infusion. Our data indicated that concentrations of trans-10, cis-12 CLA for the PO treatment were 120 µg/g of subcutaneous fat. Thus, trans-10, cis-12 CLA concentrations in subcutaneous fat with PO supplementation may have reached concentrations that were inhibitory to lipogenic gene expression. Chung et al. (2006) demonstrated that low concentrations of trans-10, cis-12 CLA (20 µM) addition to bovine preadipocytes in vitro depressed SCD gene expression. Further research is warranted to determine the concentration of trans-10, cis-12 CLA in bovine adipose tissue needed to depress SCD mRNA expression, as observed in the dairy infusion studies and bovine adipocyte cultures.
More than 80% of the total cis-9, trans-11 CLA in tissues results from the desaturation of TVA to CLA by SCD in the mammary gland (Mosley et al., 2006) and in beef tissues . The upregulation of SCD and reduced tissue concentrations of cis-9, trans-11 CLA with grain feeding suggest that the decreased CLA concentrations were not the result of less desaturase activity, but instead were the result of less substrate (TVA) availability for desaturation in the tissues. Relative expression of SCD was upregulated by 46-fold for CONC compared with PA. Together, the upregulation of SCD and the increased oleic acid concentration in the tissues suggest that grain feeding enhanced tissue desaturation. Interestingly, PC supplementation to grazing steers also upregulated SCD and increased oleic acid concentrations compared with PO supplementation fed at isocaloric amounts. These results indicate that PC supplementation, and not energy supplementation, to grazing cattle also enhanced tissue desaturation.
Fatty acid synthase (FASN) mRNA was upregulated (P = 0.004) by 9-and 5-fold, respectively, for CONC and PC compared with PA. Acetyl-CoA carboxylase mRNA expression did not differ (P > 0.05) among treatments. Both acetyl-CoA carboxylase and FASN are key enzymes regulating de novo fatty acid synthesis. Grain feeding, either on CONC or supplemented on pasture, upregulated FASN mRNA compared with PA. Upregulation of FASN with grain feeding would suggest greater de novo lipogenesis. Indeed, myristic and palmitic acid contents of subcutaneous adipose tissue were greater for PC, CONC, and PO than for PA (Figure 2 ). The lack of change in FASN mRNA with PO at concentrations isocaloric to PC indicates that corn feeding, and not increased energy supplementation, was responsible for the change in gene expression of FASN and the increased palmitic acid concentration. Research in humans has shown that FASN mRNA is upregulated with greater insulin concentrations in cultured human adipocytes (Claycombe et al., 1998) and that increased expression of FASN in adipose tissues is linked to excess fat accumulation and impaired insulin sensitivity (Berndt et al., 2007) .
Finishing on CONC diets upregulated (P = 0.003) Spot-14 mRNA and downregulated signal transducer and activator of transcription-5 (STAT5) mRNA compared with PA. Spot-14 is a nuclear protein that is responsive to thyroid hormone (T 3 ) and that is involved in the regulation of lipid synthesis in rat hepatocytes (Kinlaw et al., 1995) . The function of Spot-14 is unknown, but a strong correlation between FASN and Spot-14 indicates that it is involved in lipid metabolism (Clarke et al., 1990) . Finishing on CONC downregulated (P = 0.003) STAT5 mRNA. Growth hormone and prolactin are activators of STAT5 and induce lipolysis (Coulter and Stephens, 2006) . Hogan and Stephens (2005) have shown that STAT5 directly represses the expression of FASN in adipocytes. Addition of GH in vitro activates STAT5 in adipocytes and negates the induction of FASN expression by insulin (Balhoff and Stephens, 1998) .
Research in rodents has shown that dietary PUFA supplementation downregulates FASN and Spot-14 expression (Clarke et al., 1990; Ntambi, 1992; Jump et al., 1994) . Harvatine and Bauman (2006) reported reduced expression of FASN, Spot-14, lipoprotein lipase (LPL), and SREBP-1 in mammary tissue of cows fed the trans-10, cis-12 CLA isomer or a low-forage, high-oil diet to induce milk fat depression. In the current study, LPL and SREBP-1 mRNA abundance were unchanged with dietary treatment. Additional research in our laboratories has shown that mRNA in adipose tissue of FASN, LPL, Spot-14, and SREBP-1 are not downregulated until dietary corn oil supplementation concentrations reach 0.15% of BW, concentrations greater than were used in this study (S. K. Duckett and S. L. Pratt, unpublished data). Wang et al. (2004) suggested that FASN expression in humans is increased with insulin through increased gene transcription rates, which are attenuated by linoleic acid in a hormonedependent manner. The increase in FASN expression was in agreement with increases in subcutaneous palmitic acid content, the end product of de novo lipogenesis. In contrast, supplementation with corn oil (57% linoleic acid) at concentrations isocaloric to corn grain supplementation did not alter FASN expression. Relative mRNA expression of other genes (LPL, peroxisome proliferator-activated receptor-γ, C/EBPα, SREBP1) was not affected (P > 0.05) by dietary treatment.
Grain feeding, either on CONC or on PC, upregulated FASN and SCD mRNA to increase MUFA and de novo fatty acids in subcutaneous adipose tissues. Upregulation of SCD with grain feeding and reduced tissue CLA concentrations suggest that the decreased CLA concentrations were the result of limited substrate (TVA) availability. Future research should address how CONC diets alter the rumen biohydrogenation pathway to enhance TVA formation for greater desaturation in the adipose tissues.
